Mouse limb bud development in submerged culture: quantitative assessment of the effects of in vivo exposure to retinoic acid.
Retinoic acid, suspended in cottonseed oil, was administered via gavage to pregnant mice (ICR strain) on day 11 (E 11) of gestation at doses of either 20, 40, or 80 mg/kg. Fetuses were examined for external malformations on day 17 (E 17). Retinoic acid treatment induced micromelia (with the elimination of several long bones at higher doses) and digital defects (ectrodactyly and syndactyly) in a dose-dependent manner in fetuses examined on day 17. Hindlimbs were affected more than forelimbs. In another group of experiments, limbs exposed to retinoic acid treatment in utero on E 11 were cultured on E 12 and maintained for 3 days in submerged culture. Cultured limbs were examined qualitatively for digital and long bone defects, and image analysis of the area and form of bone anlagen of cultured limbs was used to quantitatively evaluate the teratogenic potential of retinoic acid. The qualitative evaluation indicated that the retinoic acid-induced effects obtained in vivo and with pretreated, cultured limbs were essentially the same, except that the severity of regional effects changed as a result of culture. The incidence of ectrodactyly was higher with cultured limbs than with E 17 fetal limbs, but fewer cultured limbs were missing long bones. These results suggest that culturing limbs, after they have been pretreated in utero, modifies their response to a teratogen and demonstrates that the paw skeleton is extremely sensitive to teratogen treatment under these experimental conditions. Therefore, care must be exercised when attempting to compare in vivo and in vitro teratogenic data. This study also clearly demonstrates the power and usefulness of image analysis for quantitative evaluation of both the area and form of a cultured specimen such as the developing limb bud. Quantitative, image analysis of cultured limbs showed a dose-dependent decrease in area of both fore- and hindlimbs. The effect was most severe in hindlimbs. In the forelimb, the paw was affected more than the long bones; as the dose increased, this disparity of effect also increased. With the hindlimb, a greater effect on the paw occurred only at 80 mg/kg. Computing the soft tissue/bone ratio illustrated that retinoic acid had a greater effect on chondrogenic tissue than on soft tissue.